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Factors in TSURE like extraction time, volts, and solvents were optimized for extraction efficiency 23 of salvianolic acid B, cryptotanshinone, and tanshinone IIA from Salvia miltiorrhiza. The TSURE 24 method was validated in terms of repeatability (RSD < 2.2%) and extraction recoveries (93-106% 25 with RSD < 5.0%). TSURE showed a comparable extraction efficiency to conventional heat reflux 26 extraction (HRE) and better than ultrasonic assisted extraction (UAE). The extraction time was 27 about 2.0-3.0 min for TSURE, 60 times faster than the performance of HRE and 20 times faster 28 than UAE. Microscopic analysis showed that the Krummbein diameter of plant particles after 29 extraction were about 600-1200 μm for HRE and UAE, and decreased to 50-80 μm for TSURE. 30 Subsequently, the developed TSURE was applied to high-throughput extraction of 19 S. 31 miltiorrhiza samples collected in different regions of China. Besides, application of TSURE to 32 other herbal medicines was also investigated, including Panax quinquefolius and Lonicera japonica.
33
TSURE method provided an ultra-rapid and promising alternation for extraction of ingredients in 34 herbal medicines, and can be extended to pharmaceutics, foods and cosmetics.
Introduction

38
Sample preparation is the first challenging step in analysis and quality control of botanicals and 39 herbal medicines (HMs) [1] . Efficient sample extraction strategy can improve extraction efficiency 40 and enrich the target analytes [2] [3] . As stated in the previous studies, some conventional and 41 simple methods, such as ultrasonic assisted extraction (UAE), heating under reflux extraction 42 (HRE), are commonly used [4] [5] . Methanol and ethanol are most widely referred as the solvents 43 [ 6, 7] . These methods, however, are usually time-consuming, solvent-consuming, and may have 44 low extraction efficiencies [ 8, 9] . 45 In recent years, many ultra-pressure or ultra-temperature extraction methods have been 46 introduced for extraction of analytes of interest present in plant materials, such as pressurized liquid 47 extraction (PLE), microwave-assisted extraction (MAE), and supercritical fluid extraction (SFE) 48 [10] [11] [12] . The newer methods use relatively less solvent, take shorter time and are more efficient [5] . 49 Various sample preparation techniques are summarized and compared for the extraction of plant 50 materials [ 13] . Each has advantages and limitations depending on the projected use of results and 51 the properties of analytes [ 14] . Undoubtedly, methods that are simple, rapid and environmentally 52 friendly will be preferred [ 15] . 53 Tissue-smashing based ultra-rapid extraction (TSURE) was first introduced as a new extraction 54 technique in 1993 [ 16] . The operating process of TSURE method is similar to juice squeezing [ 17] .
55
The TSURE enables ultra-rapid extraction of target ingredients at normal temperature through the 56 designed particle crushing, drastic stir, and dynamic molecular permeation [ 18] . An ultra-rapid 57 extraction process provided by TSURE is meaningful for sample analysis, such as the qualification A c c e p t e d M a n u s c r i p t 4 and quantification of ingredients from herbal medicines. In TSURE process, plant particles were 59 crushed into smaller ones with the help of high-speed shear force and mixing power. In addition, 60 under the partial negative pressure permeation, soluble balance between solid materials and 61 solvents can be rapidly achieved [ 19] . The main advantages of TSURE are its versatility, ultra high 62 speed, flexibility and low cost [ 20] . Summary diagram of the TSURE method was shown in Figure   63 1. 
133
The powders were then mixed with 40 ml of methanol and placed into a 150 ml conical flask.
134
UAE was conducted on a KH-300DB digital ultrasonic cleaner (Kunshan Ultrasonic Instrument   135 Co., Ltd. Kunshan, Jiangsu, China) with frequency set at 100 Hz for 40 min. probably because of thermal degradation of the compound at an extraction temperature higher than 162 85 ºC [ 23] . Therefore, the optimal extraction time in this study was chosen to be 2 min. 
Optimization of the solid-liquid ratio
172
Another major step in the development of the TSURE method was to select a suitable 173 solid-liquid ratio. In this study, ratios varying from 1:40 to 1:120 were investigated. As shown in 174 Figure 2 , a solid-liquid ratio at 1:80 was observed to achieve acceptable efficiency for the TSURE 175 procedure and no significant improvement was indicated with a higher ratio at 1:100 and 1:120. 
Application of the TSURE method to 19 S. miltiorrhiza samples and other herbs
245
For P. quinquefolius, we focused on four major bioactive ginsenosides, Rg1, Re, Rb1 and Rc. To further investigate the mechanism of TSURE, microstructure analysis was used. Figure 5 258 indicated that the effects of different extraction methods on herbal particle sizes of S. miltiorrhiza. between the inner and outer side of the outer edge, meaning that the smashed or extracted 278 molecules were surrounded, dissociated and replaced by solvents. Finally, the molecules would be M a n u s c r i p t 15 separated from herbal materials to finish the extraction process. 
Conclusions
287
In this work, a simple tissue-smashing based ultra-rapid extraction method proved to be A 823 (1998) 3-9. 318 [ 7] R. Metivier, F. Francis, F. Clydesdale, Solvent extraction of anthocyanins from wine pomace, J.
319
Food Sci. 45 (1980) 383 japonica (C) extracted using TSURE (peak 1, salvianolic acid B; peak 2, cryptotanshinone; peak 384 3, tanshinone IIA; peak 4, ginsenoside Rg1; peak 5, ginsenoside Re; peak 6, ginsenoside Rb1; 385 peak 7, ginsenoside Rc; peak 8, chlorogenic acid; peak 9, 3,5-dicaffeoylquinic acid; peak 10, 
